Active, phosphorylation-dependent MAP kinases, MAPK/ERK, SAPK/JNK and p38, and specific transcription factor substrates are differentially expressed following systemic administration of kainic acid to the adult rat.
Excitotoxicity is considered a major cell death inductor in neurodegeneration. Yet the mechanisms involved in cell death and cell survival following excitotoxic insults are poorly understood. Expression of active, phosphorylation-dependent mitogen-activated extracellular signal-regulated kinases (MAPK/ERKs), stress-activated c-Jun N-terminal kinases (SAPK/JNKs) and p38 kinases, as well as their putative active, phosphorylation-dependent specific transcriptional factor substrates CREB, Elk-1, ATF-2, c-Myc and c-Jun, has been examined following systemic administration of kainic acid (KA) at convulsant doses to rats. Increased phosphorylated MAPK (MAPK(P)) immunoreactivity has been found at 3 and 6 h in the vulnerable regions entorhinal cortex and CA3, in which neurons are committed to die, as well as in sensitive regions dentate gyrus and gyrus cinguli, in which neurons will survive. JNK(P) has been observed in the entorhinal cortex and dentate gyrus, and p38(P) immunoreactivity occurs in the entorhinal cortex. Strong c-Myc(P) expression parallels MAPK(P) immunoreactivity in the entorhinal cortex, CA3, dentate gyrus and gyrus cinguli, showing that enhanced c-Myc(P) expression does not preclude cell death or cell survival. Selective decrease of CREB(P) immunoreactivity in entorhinal cortex and CA3 indicates CREB(P) reduction associated with cell death. Strong c-Jun(P) immunoreactivity has been found in the entorhinal cortex, CA3 and dentate gyrus, thus suggesting that regulation of two opposing cellular programs (cell death or cell survival) of c-Jun(P) depends on c-Jun interactions with other factors. Interestingly, ATF-2(P), and to a lesser extent Elk-1(P), is selectively increased in the dentate gyrus. These results suggest ATF-2(P) involvement in cell survival of dentate gyrus granule cells. The present results demonstrate activation of specific MAPK pathways in association with either cell death or cell survival triggered by KA. Furthermore, increased Ras activation, as seen with p21 Ras activation assay, indicates a crucial role for Ras in activating MAP kinases following excitotoxic insult.